We analyzed the outcome of 167 consecutive children with second CR acute lymphoblastic leukemia (ALL), for whom an unrelated donor (UD) search was activated between 1989 and 1998 at a median time of 2 months after relapse. A suitable donor was identified for 70 patients at 1 year and 6.5 months before and after 1995 from search activation, respectively; a further leukemia relapse occurred during the search in 94 children at a median of 4 months after search activation, 36 of whom underwent UD (14) or other types of transplant (22), beyond second CR, while 58 died of progressive disease. Of 73 patients not experiencing a second relapse, 64 underwent UD (46) or other types of transplant (18), while nine proceeded with chemotherapy, and only four of them survived. The 3-year disease-free survival (DFS) from second CR for the 167 patients is 15.1%, whereas 3-year DFS after transplant for the 60 UD and 40 alternative donor transplanted children is 31.6 and 25.4%, respectively. In conclusion, a further relapse is the main factor adversely affecting outcome of children with second CR ALL. Thus, for these patients, the search should be activated early after relapse and either a UD or an alternative transplant should be performed as early as possible.
Summary:
We analyzed the outcome of 167 consecutive children with second CR acute lymphoblastic leukemia (ALL), for whom an unrelated donor (UD) search was activated between 1989 and 1998 at a median time of 2 months after relapse. A suitable donor was identified for 70 patients at 1 year and 6.5 months before and after 1995 from search activation, respectively; a further leukemia relapse occurred during the search in 94 children at a median of 4 months after search activation, 36 of whom underwent UD (14) or other types of transplant (22) , beyond second CR, while 58 died of progressive disease. Of 73 patients not experiencing a second relapse, 64 underwent UD (46) or other types of transplant (18) , while nine proceeded with chemotherapy, and only four of them survived. The 3-year disease-free survival (DFS) from second CR for the 167 patients is 15.1%, whereas 3-year DFS after transplant for the 60 UD and 40 alternative donor transplanted children is 31.6 and 25.4%, respectively. In conclusion, a further relapse is the main factor adversely affecting outcome of children with second CR ALL. Thus, for these patients, the search should be activated early after relapse and either a UD or an alternative transplant should be performed as early as possible. Bone Marrow Transplantation (2003) 32, 325-331. doi:10.1038/sj.bmt.1704132
Keywords: childhood acute lymphoblastic leukemia; unrelated marrow donor; bone marrow transplantation; cord blood transplantation Despite the progress achieved over the last 20 years in the treatment of childhood acute lymphoblastic leukemia (ALL), patients who experience a relapse still have dismal prognoses when treated with conventional chemotherapy. 1 Stem cell transplantation (SCT) from a matched related donor cures more than 50% of patients who failed first-line chemotherapy, 1,2 whereas indications for autologous transplantation are limited to a small subset of patients with either late marrow relapse or extramedullary recurrence. [3] [4] [5] Over the past decade, bone marrow transplantation (BMT) from an unrelated donor (UD) has become a feasible procedure able to cure a significant number of children with ALL lacking an HLA identical family donor. [6] [7] [8] [9] [10] [11] HLA polymorphism is still a major obstacle in finding a fully matched UD, despite the availability of more than 7 million volunteer UDs in worldwide registries. 12 As a result of this, several transplant centers have recently offered transplantation from alternative donors, either HLAmismatched relatives 13 or unrelated umbilical cord blood (CB) donors. 14 So far, to our knowledge, all published studies have reported the outcome of selected cohorts of patients with ALL who actually received a UD BMT. [6] [7] [8] [9] [10] [11] In this paper, we provide the full picture regarding all patients for whom a search for a UD was activated through the Italian Bone Marrow Donor Registry (IBMDR). Specifically, the aims of this study were: (1) to evaluate the impact of SCT timing on the outcome of 167 unselected Italian children with ALL in second CR searching for a UD and (2) to assess the probability of finding an HLA-matched UD between 1989 and 1998 through the international registries.
Patients and methods

Patients
Between June 1989 and April 1998, 179 UD searches were activated through the IBMDR for children with ALL who experienced a first bone marrow relapse and were followed by Associazione Italiana di Ematologia ed Oncologia Pediatrica (AIEOP) centers. Their individual data were taken from the IBMDR and the AIEOP registry. 6, 15, 16 All searches were discontinued as of July 1999. The timing of search activation varied over the years: before 1995 it was required that the patient achieved second CR; most centers have only recently activated the search as soon as possible following the first relapse. Of the relapsed patients, 12 did not achieve second remission and were excluded from this analysis. Duration of first CR was less than 30 months in 119 out of 167 evaluable patients (early relapse) and higher than 30 months in the remaining 48 patients (late relapse). All patients included in the study had received front-line treatment according to the BFM-like AIEOP protocols 88, 91, and 95 [17] [18] [19] and had achieved second remission after second-line treatment given according to BFM and AIEOP guidelines (Table 1) .
20-22
Transplant procedures
Starting from 1980, AIEOP and Gruppo Italiano per il Trapianto di Midollo Osseo (GITMO) eligibility criteria for SCT recommended allogeneic transplant from HLAcompatible siblings as the first choice for children in second CR.
1,2 More recently, a search for a UD was recommended for patients lacking compatible related donors, 4 and this option has become increasingly feasible in later years. All donor searches were facilitated by the IBMDR, as previously described, 23 and run on worldwide registries 12 after obtaining informed consent from patient's guardians. The search was discontinued when a UD was found, or when other treatments, including any other types of transplant, were adopted or when the patient died or was considered no longer eligible for an allograft. Before December 1991, most transplant centers (TC) based their matching criteria on HLA-A, B, and DR compatibility as defined by serological typing. After January 1992, all patients were DR subtyped by high-resolution molecular techniques, as previously described. 6 Donors who were incompatible for a single HLA locus were considered acceptable if there was a disparity at the HLA-A or B loci for one antigen, or if there was disparity at the DRB1 alleles associated with the same DR serological type. 6 Preparative regimen and GvHD prophylaxis for patients undergoing transplant. The preparative regimen for children undergoing UD BMT included 1200 cGy total body irradiation (TBI), in six fractions over 3 days, followed by cyclophosphamide (Cy), 60 mg/kg Â 2 days, combined with either thiotepa (TT), 2.5 mg/kg/day Â 2 days, or, in very few cases, with other drugs, as previously reported. 24 GvHD prophylaxis varied according to TC and with time. All UD-BMT patients received cyclosporine A (CsA) and 'short methotrexate' (MTX). This combination was associated with either antithymocyte globulin (ATG) or Campath 1G, as previously reported. 24 Preparative regimens and GvHD prophylaxis of the other types of SCT varied over time, according to the source of stem cells, TC and cooperative protocols, as previously reported. 3, 13, 14 Statistical analysis. The Kaplan-Meier estimate and the log-rank test were used to calculate and compare the Table 1 Characteristics of patients at search activation, overall and by treatment received cumulative probability of events. In detail, the probability of finding a UD took into account the time from search activation to the date when the donor was actually found.
Patients were censored at discontinuation of the search for whatever reason, that is, relapse, death, medical or parental decision. The probability of finding a UD in second CR was estimated accounting for relapse, death in CR, and other types of SCT as competing events. The probability of experiencing a second relapse was estimated with the same approach based on competing risk. 25 Disease-free survival (DFS) and survival probabilities were calculated as the time from second CR to the first event, that is, relapse or death, whichever occurred first, for DFS, or death due to any cause for survival. The KaplanMeier estimate accounts for left truncation, when search is activated after achieving second CR. Date of BMT was considered as time origin for evaluation of DFS and survival after BMT. Follow-up was updated as of 30 June 2001 with a minimum potential follow-up after first relapse of 3.4 years. Software packages used for the analyses were SAS and S-Plus.
Results
Search process and outcome
The number of search activations for patients in second remission increased markedly during the period that we analyzed. A total of 58 searches were activated before 1995, with an average of 10 searches per year. This average increased to 33 in the following years and reached a total of 109 activations over 40 months. Overall, the median time from first relapse to second CR and to search activation was 1 month (range 15 days-5.6 months) and 2 months (range 1 day-12.8 months), respectively. Most patients (150 over 167) achieved second CR within 2 months and only 50 patients had a search started before achieving second CR.
The overall Kaplan-Meier probability of finding a UD within 6 months after search activation for the 167 patients was 33.4% (s.e. 4.2). This improved significantly over time from 22.2% (s.e. 5.9) to 39.9% (s.e. 5.6), before and after 1995, with a median time of 1 year and 6.5 months, respectively (P ¼ 0.02). The IBMDR was the main source of UDs (44.3%), and approximately one of every two donors was Italian. An HLA-compatible donor was identified for 70 patients (36%) at a median time of 5.4 months (range 1.6-15.6 months) after search activation, namely for 19 (32.8%) and 51 (46.8%) who started a search before and after 1995, respectively.
The probability of finding a UD for patients in second CR was also evaluated in the light of the disease course. In particular, the occurrence of competing events (relapses, death in CR, other types of SCT) was taken into consideration. Among the 167 patients searching for donors, 94 (56%) relapsed before finding a donor, at a median of 4 months (range 10 days-56 months) from search activation. The cumulative incidence of relapse during search (ie before any type of transplant) was 38.1% (s.e. 3.8) and 49.2% (s.e. 3.9) at 6 and 12 months, respectively. In contrast, the probability of finding a UD before relapse was 19.5% (s.e. 3.1) and 26.9 (s.e. 3.5) at 6 and 12 months. These data clearly show that the course of the disease during the search, most importantly the occurrence of a second relapse, strongly influences treatment and outcome.
Patients not experiencing a second relapse during the search A total of 73 patients did not experience a second relapse during the search ( Table 2 , column 1). Among them, only nine did not undergo any type of SCT: five had died of infection at a median time of 5.8 months from search activation (range 29 days-1 year), while for the other four patients the search had been discontinued by the treating physicians at a median time of 3.5 months (range 2 months-1.6 years). These four patients are still alive and disease-free. Noticeably, first CR had lasted more than 5 years for three of them. A total of 96 patients underwent UD BMT in second CR at a median time of 5.4 months from search activation (range 2 months-1.3 years), and among them 14 are still alive and disease-free. A total of 17 other patients lacking a UD, and one for whom a suitable UD had been found, underwent other types of SCT, at a median time of 4.3 months (range 1.1 months-1.1 years) after search activation: nine patients underwent autologous bone marrow transplant, five were grafted from a related donor (cord blood in two cases, three antigen mismatched parent in three cases), and four underwent cord blood transplant from a UD (UD CBT). Of these, five are still alive and disease-free.
The estimated percent DFS at 3 years after UD BMT was 32.6 (s.e. 6.9) and, since all relapses (n ¼ 12) were followed by death within 3 years, the survival figure was the same. The estimated 3-year percent DFS and survival after Table 2 Outcome by treatment in patients not experiencing a second relapse during the search (n=73) and in patients experiencing a second relapse (n=94) 
Patients experiencing a second relapse during the search
A total of 94 patients relapsed during the search (Table 2 , column 2): 58 of them did not undergo any type of SCT, including nine children with a suitable donor. These latter children, who had relapsed at a median time of 3 months after search activation (range 10 days-6 months), died of progressive disease after few months from relapse (median time being 4 months). Other 49 patients, who relapsed after a median time of 3.6 months (range 18 days-4.2 years) after search activation, and who lacked suitable donors, died of progressive disease after a median time of 6 months. Suitable UDs were located for 14 more patients who had relapsed at a median time of 3.9 months after search activation (range 1.1-11.4 months). The UD BMT was performed 6.8 months after search activation (range 3.6 months-1.2 years) in a more advanced phase of the disease and four children are still alive and disease free. Other 22 patients, who had relapsed at a median time of 6.3 months (range 28 days-4.7 years) and who lacked a UD, were given other types of SCT at a median time of 10.6 months (range 2.8 months-4.9 years) after search activation (eight autologous, 13 from a three antigen mismatched relative, and one from UD CB). Among them, five are still alive and disease free. The estimated 3-year percent DFS after UD BMT was 28.6 (s.e. 13.4) and the 3-year survival figure was the same. The estimated 3-year percent DFS and survival after other types of SCT was 22.9 (s.e. 10.9) and 28.6 (s.e. 10.9), respectively.
Outcome
After a median follow-up of 5.4 years, regardless of the treatment received, DFS in the unselected series of 167 patients was 15.1% (s.e. 2.7) at 3 years from second CR. In particular, the subset of 119 patients whose first relapse was 'early', that is, within 30 months after diagnosis, had an even poorer prognosis, with a 3-year DFS of 6.4% (s.e. 5.0), as compared to the 48 patients with 'late' first relapse, whose DFS was 34.7% (s.e. 7.2) (Po0.001). The ultimate outcome of these series of 167 patients, as described by survival, accounts for the impact of BMT performed after a second relapse and gives a 3-year figure of 24.5% (s.e. 3.3) (Figure 1) .
The estimated 3-year percent DFS after transplant of the 60 patients given a UD BMT was 31.6% (s.e. 6.0) and the 3-year survival figure was the same (Figure 2) . TRM in the 60 UD-BMT patients accounted for 28 of the 42 deaths. The nine patients in our case series who were transplanted more recently (after 1 January 1998) had a lower (although not significantly) 100-day mortality rate as compared to the 51 patients transplanted in earlier years (22.2% (s.e. 13.9) vs 38.7% (s.e. 7.0)).
The estimated 3-year percent DFS and survival after transplant for the 40 patients undergoing other types of SCT was 25.4% (s.e. 7.0) and 30.8% (s.e. 7.4), respectively ( Figure 3 ).
Discussion
This study shows the history of the entire series of patients with ALL in second remission after a bone marrow relapse, for whom a search for a UD was started in a given period (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) in Italy. Interestingly, this study gives the full picture of how both the course of the disease and the timing Years from 2nd CR This outcome may reflect a background negative selection as, in most part of the period considered here, a search for a UD was likely to be started only for patients with a less favorable prognosis. Indeed, many of these patients (56%) had a second relapse very soon during the search process and the majority of them were not in a condition to be transplanted in a subsequent phase. Thus the study includes 67 patients who did not undergo any type of SCT, of whom the only surviving ones (four patients) had an unusually long first remission as compared to other patients in this case series. On the other hand, if we consider the outcome of children who underwent UD BMT, this is comparable to most published reports for children undergoing UD BMT before 1998. [7] [8] [9] In this study, we were able to evaluate the impact of UD BMT both in second remission and after a second relapse had occurred during the search in 94 patients. The possibility of undergoing UD BMT after a second relapse was very limited due to the fact that most of these patients died from disease progression. Only 14 of the 94 children received this type of transplant. The apparently similar results of these UD BMTs as compared to the outcome of the 46 UD BMTs performed in second CR could be related to favorable patient selection after second relapse.
These considerations, together with the data showing that median time to second relapse was 4 months, suggest that UD BMT should be undertaken within 4 months from first relapse. This could be achieved if a search was started at relapse, since our data show that 40% of the searches activated after 1995 were successful within 6 months after activation and this figure has probably increased more recently thanks to a more efficient system. The length of time required for the search and the intensive salvage chemotherapy administered before transplant may have contributed to the high TRM rate observed in transplants performed before 1998. This suggests that early transplant and better control of early TRM could substantially change the picture.
Results recently reported by ourselves and by other groups show that the 2-year probability of DFS after UD BMT is similar to the results obtained with SCT from a matched related donor. 26, 27 This improvement is mainly due to refinements in HLA typing, GvHD prophylaxis, timing of SCT, and supportive care. It has recently been reported that matching HLA class I and class II alleles of the donor and recipient can significantly improve outcome after UD BMT, 28 but, in keeping with Souillet et al, 29 the aim of the search strategy should be to carry out a transplant within 3 months from search activation. In the absence of a fully compatible donor, a one-antigen mismatched unrelated volunteer donor can be considered. 29 In this study, the outcome of the cohort of patients undergoing other types of SCT should be considered with caution, due to the heterogeneity of transplants and to the small number of analyzed patients. About half of these alternative transplants were performed during a more advanced phase, at a median time of 10.6 months after search activation. Six of 17 patients who underwent ABMT survived, disease-free, but it must be noted that this option was offered mostly to children experiencing a late relapse. This is in keeping with BFM data showing that among 19 children with ALL who underwent ABMT after bone marrow relapse occurring more than 30 months after diagnosis, the 6-year EFS was higher than 50%. 30 The international debate on options other than UD BMT is still very open. Recently, more than 70 000 validated CB units have been made available for transplant and have provided more than 2000 UD CBTs around the world. This proves that UD CBT is a feasible procedure that can potentially cure a significant number of children with poor prognosis ALL, especially if transplanted in a favorable phase. The 28% 2-year DFS of 40 children with ALL who underwent UD CBT reported by the Eurocord Registry 14 was not different from what was reported in children undergoing a UD BMT. This is why it has been suggested that UD CBT should be taken into consideration for all children with poor prognosis ALL who are eligible for a UD transplant. 14 The main advantages of unrelated CBT are both the prompter availability of cryopreserved placental blood and the less stringent requirements for HLA compatibility between donor and recipient. The major drawbacks are the high incidence of transplant-related deaths due to the increased risk of graft failure, and delayed hematological reconstitution.
While SCT from phenotypically identical or one-locus mismatched family donors approximates the outcome of patients transplanted from genotypically identical siblings, 31 the use of three-loci mismatched family donors is still considered an experimental approach, despite prompt availability of the donor. This view was supported by the high TRM. Recently, it has been shown that transplantation of highly purified CD34+ stem cells is a realistic therapeutic option for patients who would otherwise have no suitable donor and who are in need of transplantation. 13 In conclusion, our data show that (a) relapse is the major limiting factor for UD BMT in children with ALL in second CR after a bone marrow relapse, and (b) the median time needed to identify a UD significantly decreased in the past 5 years. We conclude that, when UD BMT is a valid therapeutic option, as after an early bone marrow relapse, it is important to perform it within 4 months from relapse. To achieve this goal, UD and CB searches should be initiated during the first CR in patients at high risk for relapse. The same criteria should hold for other transplant options, should their role be better defined in other studies. Finally, a methodological lesson can be learnt from this study: tracking the UD search process for all patients who enter it gives an important insight into the mechanisms that guide treatment allocation. Only in this way the selection biases that are known to operate in studies involving transplant options become evident and help in the interpretation of any treatment comparison.
